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Jees oToorn sIearnan
at the 100 H Hanford Site

u Field Scale_Characterization and Monitoring

v Use to develop field plan:
> Location of Injection Experiment
> Location of Lactate injection interval(s)

> Injection rate and sampling scenarios

v Use to monitor system transformations during stimulation
> Estimate size and status of Injectate around borehole
> Detect evolved N2 gas - provide an indication of redox status

> Water table fluctuations
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2 3’ Use of Surface GPR to map subsurface variability
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Radar Tomography: 45-44 (vadose and saturated zones)

100 MHz
*1/8m spacing

*Seismic Tomography: 43-44 and 45-44 (saturated zone)

Locations
of Sources

T
10

0 1 2 3 4 6 8 7

Example of Tomographic Data Acquisition Geometry

~400m the Columbia River
10m
Wi
4m
100H-T1 100H-V1 100H-T2
gm Hanford Fommation:
€ Unconsolidated
¥ walar table sandand gravels
Ringoki Formatio ‘ % » .
Fluvial sands and
overbank deposits Upper Ringold Unit
S0m
Lower Ringoid Unit
Columbia River
Basalt Basement
100m

D Hypothetical bcations for detailed bogeochemical
ard hydrological analysis tlocations to be guided by
geophysical characterization).

Location of Pre-Stimulation {monitoring, injection, and tomography)
and post-stimu ation {verification) welibores




Radar Tomography:

Vadose Zone
versus the
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Hanford Seismic Tomography Velocities
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Sampling  Groundwater Flow Direction Injection

Well - Well
44 Seismic Velocity 45 44 Radar Velocity 45
eHanford Sands e . . . . e , 1 1 . ®
and Ringold WATER TABLE
Muds . Lo HANFORD
Distinguished; Rl
B ==
*Radar signals E R i |
attenuated ‘ E,,'f}'gg =
within muds;
. Radar Signals can not penetrate through clays
eSmall _ .
Variability A LC:W Iz :GH l E - J LC’Wi i HIGH5 i
within Hanford IR - mm
Sands. - e

Comparison of Radar and Seismic Images between 44-45

~

A
Frreene rul

Earth Sciences Division * Lawrence Berkeley National Laboratory



i e

Sampling  Groundwater Flow Direction  INj€ction
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Plans for Geophysical Monitoring during Stimulation
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*System may produce N, gas (and ppts?) on the way to
Cr reduction - this may be detectable using time-lapse
geophysical measurements.

*HRC 1njection zone should be visible



Field-Scale Biostimulation Monitoring using
Time-Lapse Seismic Tomography

Lactate Injection Well
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Radar velocities and

amplitudes were increased as

gas replaced water in pore
space; >

Radar velocities were used
within a mixing model to
estimate that 40% of the pore
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*HRC decreases
the seismic
amplitude and
velocity

relative to water.

*The velocity of the
is a function
of the HRC temp:

the waves travel

slower in hot HRC

and faster in room

temp HRC than room temp
water
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Seismic Signature of HRC versus water within Hanford-like soils

Seismic P-wave Signatures
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Modeled Effect of HRC on Radar Dielectric
Constant compare to influence of heterogeneity

Effective Dielectric Constant

Effective Dielectric Constant: Sand with Water vs. HRC in pore space

25 . Varying lithology but all water in pore space
20 - — =t .
15 f.,-,.f*/’/ All water in
%
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Blue Curve: Fraction of water (vs. HRC) in Pore Space
Green Curve: Heterogeneity - Fraction of lithology 1 (vs. lithology 2) for fully
water-saturated pores
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Uses of Geophysical Data at the 100 H Site

v To develop field site/plan
v Characterize heterogeneity

v To monitor system transformations during stimulation
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